Abstract. The observation of hard X-ray (HXR) emission in solar flares provides important diagnostic information about the acceleration and subsequent transport of energetic electrons in the flare process. However, while hard X-rays are thought to be emitted from the flare footpoints through thick-target bremsstrahlung interactions, the details of the transport of accelerated electrons through the solar atmosphere still remains unclear. Trapping of the electrons is one particular effect that is expected to occur as a result of the convergence of the magnetic field between the corona and the chromosphere. In this case the brightness of the HXR footpoints should be related to the strength of the magnetic field present and we would expect greater precipitation and higher HXR intensities at the footpoints with lower magnetic field strength. This relationship has been observed to hold in many flares (see Sakao 1994) but interestingly the opposite relationship, where the stronger HXR source is found at the stronger magnetic field region, has also been observed in an event studied by Asai et al. (2002) . Using Data from Yohkoh's Hard X-Ray Telescope (HXT) and SOHO's Michelson Doppler Imager (MDI) we have studied the magnetic field strengths at the footpoints of a sample of 32 flares and have compared them to the hard X-ray brightness to determine whether the expected ratios are seen. We find that contrary to the expected relationship the brighter HXR footpoint is found in the region of stronger magnetic field in approximately one third of our sample of events. We discuss the implications of these results in terms of the transport mechanisms.
Introduction
Hard X-ray (HXR) emission during a solar flare is a fundamental observation required to improve our understanding of particle acceleration. Commonly the hard X-ray emission is representative of flaring footpoints, the site of non-thermal energy deposition in the lower atmosphere. The flaring loops can be thought of as a representation of a double-ended magnetic bottle which confines non-thermal particles through the Lorentz force, a consequence of the converging magnetic field at the loop ends. These footpoints are rooted in the chromosphere, where the magnetic field is known to be higher than the coronal component at the loop apex, and thus particle trapping is an inevitability.
Trapping is a function of the magnetic mirror ratio (R = B foot /B apex > 1) and also the conservation of angular momentum. The higher R, the greater the trapping efficiency, which determines the amount of radiation emitted from particles within the trap. Gyrosynchrotron emission is produced by trapped relativistic electrons, while any leakage determines the level of HXR emission through thick target bremsstrahlung. In solar flares we expect that precipitation will be greatest at the weaker magnetic footpoint, where convergence is smallest while, conversely HXR intensity would be lower in regions of strong magnetic field. This relationship has been observed to hold in flares studied by Sakao (1994) . He studied a sample of events where there were two HXR sources which were situated on each side of a magnetic neutral line. He found that four out of five events, which had supporting magnetogram data, had this arrangement, although there was one event, where the opposite was true. This odd event occurred on 2nd November 1991. The magnetogram data for this event however, was approximately eleven hours old by the time of the flare peak. Therefore, it was much more difficult to assess accurately. This "unusual" behaviour has since been seen by Asai et al. (2002) in a two ribbon flare which was observed on 10th November 1998. In this case the two HXR sources occurred in the strong magnetic regions, whereas the weaker magnetic regions situated under Hα kernels had no HXR emission at all. This behaviour is explained due to a combination of the dynamic range of Yohkoh's Hard X-ray Telescope (HXT) and the estimated energy release rates at the regions with HXR sources, which are much larger than in the kernels without HXR emission. Aschwanden et al. (1999) looked at 54 Yohkoh flares, where there were 2 footpoints. They found there was no significant energy dependence of the HXR asymmetry, but found that the asymmetry is inversely correlated to the trapping efficiency. By combining their observations and calculations they predicted that the median value of the ratio between the field strengths at each footpoint would be 1.2. They did not, however, have magnetogram data to test their theory.
It was on the basis of both the Asai et al. (2002) result and the work of Aschwanden et al. (1999) that we examine further examples. It was important to establish a reliable and effective method of measuring footpoint field strengths and to be able to effectively compare these to HXR intensities. With a method established one can explore the catalogue of events and determine the frequency of these odd types of events with much more accuracy, and additionally the potential causes of these events.
Observations and analysis
A sample of 32 flares ranging from C-class to X-class has been taken between 1996 (the launch of the Solar and Heliospheric Observatory, SOHO) and the end of 2001. The events were chosen such that they consisted of just two HXR sources both sides of the magnetic neutral line and had to be within 40
• of the disc centre. Within this 40
• region, assuming a radial field, the line of sight effects are minimised allowing for a more accurate measurement of magnetic field. We use data from Yohkoh's Soft X-Ray Telescope (SXT; Tsuneta et al. 1991) , which images soft X-rays through a grazing incidence telescope and four filters covering the energy range 0.25-4 keV and Yohkoh's Hard X-Ray Telescope (Kosugi et al. 1991) for observations in the energy range of 15-100 keV. HXT is a Fourier synthesis type imager, capable of measuring X-rays from nonthermal electrons and super-hot plasmas in four discrete energy channels. These bands are: L (14-23 keV), M1 (23-33 keV), M2 (33-55 keV) and H (53-93 keV) with a best angular resolution of ≈5 arcsec and temporal resolution of 0.5 s. Additionally we study magnetograms from the Michelson Doppler Imager (MDI; Scherrer et al. 1995) on SOHO.
When choosing the events it was important that there were data in the L, M1 and M2 channels of HXT which showed the impulsive phase well above the background level. This would allow spectral information to be determined along with the reconstruction of accurate images up to the M2 channel which are used to give a footpoint location and intensity. Images were reconstructed from a set of the 64 spatially modulated photon counts accumulated to a minimum of 200 in M2 and then using a code based on that of Sakao (1994) which uses the Maximum Entropy Method (MEM) (Gull & Daniell 1978) to reconstruct the image. MEM works by maximising a quantity called entropy within the constraints of the observations. The main advantage of this method is that it chooses the smoothest solution consistent with the data, produces positive images and handles Poisson errors well. The process uses the location of the SXT images as a reference to ensure that the position of the reconstruction is as precise as possible. The SXT images are prepared by flagging saturated pixels, while removing spacecraft jitter and correcting for roll. With this sample we may determine any relationship between magnetic field strength and HXR intensity.
Analysis method
With a suitable sample of events, it is then possible to study the mean magnetic field strength beneath each flare footpoint. It was expected that a weaker HXR source would be discovered in the region of stronger magnetic field as the magnetic mirror inherent in a converging magnetic field would impede the cascade of electrons responsible for this emission through the process of thick-target bremsstrahlung.
When looking at a sample like this with the intention of making a direct comparison between different events it is fundamental that the magnetic field strength beneath the flare footpoints is determined in a systematic and reliable manner. There are clearly many uncertainties involved (Sect. 2.2) and steps must be taken to minimise their effects. Any offsets between images could give false results which would make comparison unreliable. Therefore to prepare a reliable method for measuring the magnetic field strength each individual HXR source was treated as the footpoint. MDI images, which have been differentially rotated to the time of HXR emission and have been corrected for Earth-view, were overlaid with HXR intensity contours from the M2 channel in increments of 10% of the peak intensity. The mean single polarity magnetic field strength within each contour could then be obtained and the sum of the mean magnetic field values at each contour level across the whole sample were then plotted to give Fig. 1 . This plot shows clearly that with increasing HXR intensity the mean magnetic field strength increases as fewer and fewer low valued pixels are included. At the 60% contour levels the mean magnetic field strength begins to drop. As the number of pixels decreases so too does the area over which the field is determined. Thus any offset between the two images becomes highly influential. Hence we chose the 60% contour level as being representative of the mean magnetic field strength under the source.
For this study the HXR intensities were determined from the 20% contour (Sato et al. 1999) . Although this is a physically larger region than that used for the magnetic field strength it is important to include all reliable counts. This represents most of the relevant counts, which one can say come from the specific source with confidence. The 20% level is determined from the reciprocal of the dynamic range which has been empirically estimated to be 10-20% (Kosugi et al. 1992) . A smaller region can be used for the magnetic measurements as here it is the positional information which is important.
Sources of uncertainty
One of the significant sources of uncertainty in these results comes from the alignment between the two types of images. The pointing stability of Yohkoh is thought to be very good and Fig. 1 . Each HXR contour level defines a region of magnetic field over which the mean magnetic field strength is determined. This plot is a representation of the unsigned magnetic field variation with a percentage of the HXR intensity in a flare footpoint, as defined by Yohkoh's HXT M2 channel MEM images. It is determined by the sum of the mean magnetic field strength at each level across the whole sample.
of the order of 1 (Ogawara et al. 1991 ). Therefore we assume the discrepancy between this and the MDI magnetograms is up to one MDI pixel, which is about 2 around the disc centre. So in each case the HXR images were shifted 2 in the direction of maximum difference. The mean magnetic field strength under each footpoint was then measured again. The difference between the previously measured value and this maximum shifted value was taken as the uncertainty. This however, does not fully address projection effects due to the line of sight measuring techniques, but is the best that can be achieved with the information that exists. The values recorded by MDI around disc centre should be accurate, but line of sight limitations mean that they are really a lower limit.
The work of Hagenaar et al. (2002) has demonstrated the importance of MDI noise. This noise level is expected to be 3.2 G and has been subtracted from all of the values used in this study. Additionally it is now thought that MDI can dramatically underestimate the field strength measurements. Berger & Lites (2002) reported that actual values could be lower on average by a factor of 0.64 ± 0.013 G. However, this is based on a single set of observations and has not yet been verified for all observations. Thus any values quoted throughout this paper are uncorrected for this, but the reader should keep this in mind.
Results
Using the above method of alignment the individual footpoints of each of the flares had their HXR intensity recorded along with their associated mean magnetic field strength. These two values are plotted against each other in Fig. 2 .
It was expected that there would be some inverse relation, which is implied by the work of Sakao (1994) . His data demonstrated that the stronger HXR emission was from a region of weaker magnetic field strength in four out of the five featured cases from the M to X-Class range. With the large scatter seen in Fig. 2 any such pattern is not clear. This plot does, however, demonstrate the complexity of this study. Our sample covers a range of flares in C through to X-Class. In any given flare with two HXR sources, the magnitude of the magnetic field beneath each can be very different. If one changes the plot in Fig. 2 to include flares from only a single GOES classification there is little difference in the appearance other than to simply reduce the number of points plotted as the large scatter remains.
To limit the effects of this wide variation due to the flare magnitudes, ratio values were used. These ratios are determined using observations under each footpoint in a particular flare which gives a value which can be used in direct comparison regardless of flare energy, assuming both footpoints have a mean magnetic field strength well above zero. If the source is small in area and has a very low field strength any alignment offset plays a proportionately higher role and as such the confidence in the value falls, leading to a ratio which is artificially high. The added benefit with this ratio method is that any underestimation of field has less of an effect, assuming these effects are linear. Thus the HXR and magnetic field strength ratios can be plotted against each other, the result of which is seen in Fig. 3 . This plot is such that the stronger HXR source is always divided by the weakest, resulting in HXR ratios which are always greater than unity. It is apparent that some 47% (15) of events have both of their ratios greater than one, a regime in which the stronger HXR source is situated in a region of stronger magnetic field. This is unexpected as in Sakao's (1994) sample of events, it was found to be the case that the stronger HXR source was located in a region of lower magnetic field strength, which is represented by the lower region on the plot in Fig. 3 ; a consequence that would be expected as a result of simple magnetic convergence and mirroring.
Instead, we find there are two distinct groups: those whose magnetic field ratio is less than one where the flare follows the Sakao relation (Sakao, S-type events) and those greater than one where they do not (non-Sakao, N-type events). Due to the uncertainties inherent in the measurement technique it is reasonable to assume that those events where the error bars cross y = 1 (the symmetry line) are likely to be the almost symmetrical in magnetic flux density, and as such should be thought of as an additional sub-group (balanced, B-type events). Fig. 3 . The HXR intensity ratio between the brightest and weakest footpoints in any given flare from the M2 channel are plotted directly against the mean unsigned magnetic field strength ratio between the same footpoints. The region below the y = 1 line represents by the S-type events (those events where the stronger HXR footpoint lies in the region of weaker magnetic field) and the region above the N-type (where the stronger HXR lies in a region of stronger magnetic field).
By forming this additional group, we are simply identifying the events where measurement uncertainties may play a dominant role and removing them from the sample.
The result in Fig. 3 was determined by looking at the double HXR sources in the M2 channel at the peak of activity. On closer inspection we find additional complications. One can compare the SXR light curves for regions situated over coincident regions to the HXR footpoints. If these footpoints are connected by a single SXR loop it is reasonable to assume that the plasma at each end would have similar properties. Thus the shape of the light curves should be similar. If the shape differs substantially from one region to another it may indicate that the regions are not connected in such a simple way and as such the possibility of different structures or magnetic connectivities should be considered. This possibility would indicate that there may be significant information beyond the resolution of our observations and as a result they should be removed from consideration.
In our sample five events have SXR light curves in these regions which indicate there is a possibility that the flare may be the result of an interaction with a small loop, possibly emerging from beneath (as in Hanaoka's (1996) interacting loop studies) a larger loop. In these cases at least one of the HXR sources may actually be the unresolved footpoints of this small loop and as a result may not fit within the confines of this study. In summary of these events, two have their error bars crossing the symmetry line (B-type) and three are from the N-type events reducing this group to just seven. When we exclude the above problematic events we have eight B-type events, 14 S-type and seven N-type events. This therefore reduces the ratio between the two non-symmetric groups as 2:1.
Further to this, in 11 cases we had sufficient data to look at the timings in the HXR emission between the two sources. If we first look at the N-type events, we find there are two events where we can look at the light curves for each individual footpoint. In both cases the emission appears simultaneous. However, these are compact flares and it may not be possible to measure the time difference given the limited distance.
In the S-type category seven events have sufficient data to look at the individual light curves. In four of these the two individual light curves peaked simultaneously, within the limits of the data. In the other cases the footpoint with the strongest HXR source had a light curve that peaks first. This may suggest that the acceleration site of the electrons is closer to the site of the stronger footpoint as there is a longer flight time to reach the weaker footpoint. Alternatively it may suggest that the electrons precipitating towards the stronger footpoint are less impeded in their journey.
In an attempt to understand the role of the magnetic environment the distribution of magnetic flux density under each of the flare footpoints was observed in a qualitative manner. We attempted to see if the distribution could have an impact in the type of event observed. It was thought that if there was high convergence in the magnetic field there would be a rapid change or peak in the flux density as you cross the footpoint, whereas if there was less convergence then there would be more of a flat distribution. There was however, nothing to distinguish between the two groups of events. Often the footpoint may only be 3 or 4 MDI pixels across and this would not allow any distinction to be determined between these types of distributions. However, there is an added complication with this approach and that is your viewing angle. Without a clear knowledge of one's viewing angle and the directions of the magnetic field you cannot be sure that your observations are real and not simply a product of your point of view.
Spectral evolution
In addition to the above properties the spectral evolution was measured. Differences in this evolution can give insight into the trapping of electrons in a flare. It was hoped that these measurements may give a clue as to why the N-type events exist or how they differ from the S-type. Typically spectral evolution in solar flares follows the soft-hard-soft pattern first recognised by Parks & Winckler (1969) ; this pattern was evident across all of the above flare types.
In order to study this it was important that there were data in at least the first three channels of HXT. Background was subtracted and a single power-law photon spectrum was assumed. The spectral flux is assumed to be proportional to the photon energy (E −α ) where α is the spectral index. In each flare the spectral evolution was observed and recorded at its hardest. The mean value for each group was ascertained along with the standard deviation in the spread. The S-type events were found to have a mean value of 3.4 with a deviation from the mean of 1.4, while the N-type had a value of 3.5 with a deviation of 1.2. Even the B-type events had a mean of 3.3 with a deviation of 0.7. Unfortunately there were not enough events where we could study the evolution in each of the flare footpoints, which would have given us much more information. We therefore found no quantitative difference which may indicate different transport or trapping of electrons in this limited dataset. 
Examples
We now consider some specific examples to illustrate the different types and their properties. We shall look at an S-type, an S-type where the HXR ratio is very high, a B-type and an N-type event.
S-type event, 8th November 2001
This event occurred around 12:24 UT on the 8th November 2001 and the HXR light curves can be seen in Fig. 4a . They show the total emission in each of the four HXT energy channels. Figure 4b shows a soft X-ray image over which is superimposed HXR contours from the M2 channel around the time of peak emission in M2. The region is very complex in soft X-rays although the situation is clarified when it is compared to the magnetogram in Fig. 4c . It is part of a large and aging active region and as a result multiple connections are probable. However, it is still apparent that the HXR sources form at the footpoints of a smaller loop, which becomes brighter with time. When the spectral index was determined for this event, it evolved in the classical soft-hard-soft manner and had a value of 3.5 at the hardest.
When the footpoint brightness and mean magnetic field strengths are calculated it is clear that the brightest footpoint forms in the region with the weakest magnetic field strength, as is expected from the results of Sakao (1994) . The ratio between the footpoint brightness is 3.0 and the ratio between the footpoint magnetic flux densities is 0.29.
Further details of the remaining Sakao type events can be seen in Table 1 .
High ratio S-type event, 28 July 1999
This event occurred around 08:30 UT on the 28th July 1999 UT and the HXR light curves can be seen in Fig. 5a . They show the total emission in each of the four HXT energy channels. The light curves in this case are more gradual, and long lived. Also the peak spectral index for this flare was only 5.5, one of the softer events.
The SXT image shown in Fig. 5b is superimposed with the HXT contours from the M2 channel. The two HXR sources clearly coincide with the footpoint regions of a compact flaring loop as expected. The eastern source is brighter in hard X-rays than the western source by a factor of twelve. This is unexpectedly high, but can be explained by the relatively weak nature of the western source. There are only five pixels in this source with intensity greater than 40% of the maximum intensity.
However, the soft X-ray images allow the analysis of this plasma at each end of a loop. Each region which appears coincident with the HXR emission has a very similar light curve and makes it likely that the two HXR sources are true conjugate footpoints. It was possible in this event to take light curves of each of the HXR footpoints, and the emission occurs simultaneously, within the limits of the data as shown in Fig. 6 . However, it is also possible that the image cadence is insufficient to give a real indication of which footpoint peaks first.
If the HXR image is superimposed onto a rotated and coaligned magnetogram from MDI we see that the footpoints are either side of the magnetic neutral line. This is clearly seen in Fig. 5c . There is nothing in this event which clearly distinguishes it from the other events other than the very high ratio between the HXR intensities.
B-type event, 8th April 2000
This event occurred at around 02:38 UT on the 8th April 2000. The HXR light curves can be seen in Fig. 7a . They show a rapid increase in emission during the early phase of the flare but a more gradual decline in emission as time progresses. The peak spectral index for this flare is 3.1 which is very close to the mean value of 3.3 in the B-type events. In Fig. 7b the HXR contours from the M2 channel have been placed over the SXR image. Again, it is clear that the two sources are situated at either end of a flaring loop. These same contours were also placed over the magnetogram in Fig. 7c and each source can be seen to lay in a different magnetic polarity. In this case the magnetic ratio between the two footpoints is 0.9 +0.86 −0.00 which would suggest that it is an S-type event, as discussed above. However, the uncertainties described previously, when applied to this event, are highly influential and give rise to the possibility of the ratio actually being greater than unity. This would have the effect of defining the event as N-type rather than S-type as the ratio alone would indicate. There have been no other properties found that distinguish this event, but the limitations imposed on the measurement of the magnetic field strength make a more precise result impossible. It may be that this, along with the other events in this category, is more or less symmetrical in its footpoint field strengths or it may be that the geometry of the event is such that the limitations of line of sight measurements are more apparent. However, as the data stands we cannot accurately place this event along with the others in the group in either the N-or S-type categories. Table 2 list the other flares in the B-type group identified through this study.
N-type event, 16th March 2000
This event occurred on 16th March 2000 at around 18:35 UT. From Fig. 8a it can be seen that there are two peaks in the M1 and M2 channels. The L channel is more gradual as one would expect, but still has two bumps coinciding with the peaks in the higher channel. Unfortunately there is only data up to this second peak and it is impossible to analyse this event beyond that point, although the flare still has only two HXR sources. It should be noted that this double peak is not a characteristic of the N-type events, only a feature of this one. The two sources can be seen in Fig. 8b along with +1.29 −0.58 † These events are thought to be complicated by the interaction of multiple SXR loops and thus contributions from unresolved HXR footpoints can not be ruled out.
‡ This is the event studied by Asai et al. (2002) and the table lists magnetic footpoint ratios consistent with her observations. X-ray emission. Again these two sources are situated at each end of a flaring loop although the loop is longer than that of the high ratio S-type event, and there appears to be an extra component to this loop near the northern footpoint in a region of single magnetic polarity, although all of these SXR regions have a similar light curve. In addition the peak spectral index for this event was 4.1 a little softer than the mean value. Figure 8c shows the relation between the HXR and magnetogram. The brightest source is situated in the north and lies in the region of strongest magnetic field. However, there is too little data to establish if any time delay exists between the two HXR emission profiles.
Other than the strong source being in a region of strong magnetic field this flare behaves much the same as the others. However, the northern soft X-ray region is brighter than the southern and may be an indication that the acceleration site of the electrons responsible for this event may be closer to the north end. If that is the case, then it may be possible that the flaring electrons are able to penetrate deeper into the stronger region before being mirrored as there is less actual field convergence over a smaller section of loop. In addition the increased flight time to the other footpoint may mean a reduction in the number of electrons impacting the chromosphere in a focused region and causing high amounts of radiation.
In Table 3 we list the properties of all of the non-Sakao type events.
Discussion
This study has demonstrated that the relation between the magnetic flux density at the footpoints of a flaring loop and HXR emission is much more complicated than previously thought.
The most appropriate and fair method of measuring the magnetic flux density beneath any given HXR footpoint, in light of the data available, was determined. The method required each flare to be within 40
• of the solar disc centre and also data in the HXT M2 channel was required to produce images free from a thermal component. When one compares the actual intensity of any individual footpoint to the magnetic flux density beneath it across a large sample, it quickly becomes clear that there are other factors involved aside from the magnetic mirroring effect, not to mention the difficulties inherent in comparing flares of different magnitude. Although the magnetic field strength at the footpoints is likely a large factor in the majority of cases there must be other influences in some events. The magnetic connectivity is complex and although the SXT images show what appears to be a single loop, they only show structures containing hot plasma and give little information about any fine structure and the environment in which the flare occurs. This is especially important as it is the magnetic field convergence which is responsible for the mirroring of electrons and not the strength of the field alone. Therefore a more detailed study of the magnetic field surrounding the footpoints may give rise to a clearer understanding of these mirror points. If one studies the field around the footpoint, it may be possible to determine how much the field can expand and give an understanding of the level of convergence.
If one takes the HXR and mean magnetic field strength ratio between the two footpoints in each event, it begins to focus the problem by removing the issue of flare magnitude, and therefore effectively allowing one to compare a high magnitude event with a much lower magnitude. It was from this study that two main groups of flares were determined; the Sakao type (S-type) and the Non-Sakao type (N-type), where S-type events correspond to events where high HXR intensities which correspond to low mean magnetic field strengths and N-type have low HXR with low magnetic field strength.
The uncertainties involved make the formation of a third class of event necessary, B-type. These were where the error bars cross the dividing line between the two classes above and as such are likely to have a more symmetrical nature or be dominated by measurement uncertainty.
From this sample of 32 events 43.8% were the traditional Sakao type, 25% were approximately symmetrical in mean magnetic field strength and 31.2% were the non-Sakao type.
There is little difference between the properties of each of these flares. The mean spectral index at the peak is almost the same in each of the three classes with a value of 3.4, and a standard deviation of 1.4 in the S-type, and 3.5, with a standard deviation of 1.2, in the N-type; with the soft-hard-soft evolution across the board. Therefore there is no quantitative difference which may have been an indicator of variations in the transport of electrons.
The 16th March 2000 event was an event which was part of the N-type sample. When one looks at the SXR image the northern region appears to consist of two parts. Both of these have very similar light curves consistent with the same plasma population and appear to be connected. It is not clear whether this is observed simply due to line of sight effects or whether they are separate loops. However, there is still a single HXR footpoint which is brighter than the southern source and is situated in a region of single polarity.
It is widely understood that the S-type events are the result of converging magnetic field lines in strong regions which act to mirror precipitating electrons and thus reduce the number available to form HXR through thick-target bremsstrahlung. Conversely with less convergence in weaker field regions, more electrons can precipitate to the chromosphere and gives rise to a stronger HXR footpoint. So why should we observe N-type events?
It was hoped that many of these events would have enough counts so that individual HXR light curves could be seen for each footpoint. This information could allow any time lags between emissions to be observed which would give weight to an asymmetry in the location of the acceleration site and thus the resulting precipitation of electrons and HXR emission at the footpoints. An asymmetry in the location of the acceleration site may be the answer to the occurrence of N-type events. If the acceleration site is located closer to the brighter footpoint it may reduce the effects of convergence over the shorter distance, allowing more precipitation in this region than if the acceleration site was located at the loop apex. With further observations it may be possible confirm this, although we must not rule out the possibility of some other process impeding the electron precipitation at the weaker footpoint. The only two events in the N-type cases which did have timing information show simultaneous light curves for both footpoints, but there were few HXR images which were integrated over a relatively long period of time which gives rise to a poor cadence.
The B-type events determined earlier, enabled us to remove events which had the most influential uncertainties. These events were more or less symmetric in magnetic field strength at the footpoints, however the same could not be said for the HXR intensities. As a result the B-type events could not reliably be placed in S-or N-Type categories.
The work of Aschwanden et al. (1999) studied an asymmetric trap model. In this work it was assumed that the acceleration site for the electrons was equidistant from each of the flare footpoints and was thus at the loop apex. From this basis it was predicted that the median value for the ratio of the magnetic fields at the footpoints would be 1.2. We found in the case of the B-type events this is true, although the S-type have a median value of 0.4 and the N-type a value of 3.4. Therefore, using our method of observation we were unable to confirm these predictions, although it is unknown how moving the acceleration site would affect their predictions.
Conclusions
The sample of 32 flare events has shown that it is not necessarily true that the stronger HXR footpoint is situated in the weaker magnetic field region. The weaker footpoint would appear to have a likelihood of 2:1 to be situated in a region of stronger magnetic field. Although the results of Sakao's thesis show a 4:1 relation, only 5 events were considered and the single observation which showed a N-type result was limited by the frequency of the ground based magnetograms. Our results show that these N-type events occur more frequently than previously thought. There is little that distinguishes the groups of events and there is no quantitative difference between the peak spectral hardness across the groups, nor is there any real difference in the distribution and magnitudes of the HXR and magnetic ratios.
